We have analized a sample of 327 clusters of galaxies spanning the range 0.06-0.70 in redshift. Strong constraints on their mean intracluster emission by dust have been obtained using maps and catalogs from the HERSCHEL HerMES project; within a radius of 5 arcmin centered in each cluster, the 95% C.L. limits obtained are 86.6, 48.2 and 30.9 mJy at the observed frequencies of 250, 350 and 500 µm. From these restrictions, and assuming physical parameters typical of interstellar media in the Milky Way, we have obtained tight upper limits on the visual extinction of background galaxies due to the intracluster media:
Introduction
Dust attenuates the light of background objects, it is a key ingredient in the process of star formation and plays relevant roles in mechanisms of cooling and spreading out of metals in galaxies. The presence of dust in the interstellar media of the Milky Way has been known since nearly a century ago, and its emission mapped with relatively good sensitivity and angular detail by the satellites IRAS (Wheelock et al. 1993 ) and COBE DIRBE
Sample and methodology
The catalog of clusters used is the one by Wen et al. (2012) as it was done in the main analysis of Paper I. Basically, it is a SDSS based catalog that contains 132,684 clusters with photometric redshifts between 0.05 and 0.8. The catalog is above 95% complete for clusters with M 200 > 10 14 M up to redshift 0.42. For each cluster, the parameters needed for the analysis done in this paper are the angular position in the sky in right ascension and declination, the photometric estimation of redshift, and the mass as estimated from the number and luminosity of member galaxies of the clusters. According to the authors of the catalog, the uncertainties in photometric redshifts are < 0.03 for those clusters at redshifts < 0.42, and slightly larger for clusters at higher redshifts. Although some of the clusters have spectroscopic redshifts, in order to use the whole catalog in a consistent way, we decided to use the photometric estimation of redshifts (even in those cases in which spectroscopic redshifts were available).
For the estimation of the infrared emission, we have used the HERSCHEL SPIRE (Pilbratt et al. 2010; Griffin et al. 2010 ) maps (Levenson et al. 2010 ) and catalogs (Smith et al. 2012; Roseboom et al. 2010; Wang et al. 2014 ) at 250, 350 and 500 µm corresponding to the second data release of the HERSCHEL Multi-tiered Extragalactic Survey (HerMES) project 1 described in Oliver et al. (2012) several tests, we decided to exclude from the analysis also the field L2-COSMOS due to its relatively high noise as compared to the rest of the maps selected. The final selection is listed in Table 1 which shows the name of the fields (column 1) and their nominal equatorial coordinates (columns 2 and 3). In each of the maps, we discard for the analysis a small section that corresponds to edge regions that have not been homogeneously covered; this is done by selecting a region defined by a circle centered approximately in the center of each field, and with the radius indicated in the fourth column of Table 1 . The number of clusters within each of the fields is listed in column 5. In total, this study uses 37 square degrees of HerMES maps and 327 clusters (in addition, 18 clusters projected in the field of L2-COSMOS and 13 disseminated through other HerMES fields were not used in this work). To estimate the emission originated in member galaxies of the clusters, we use the catalog obtained by the HerMES team. The number of detected sources in the 250 µm channel within a 5 arcmin radius from the center of the clusters is presented in the last column of Table 1 . The density of sources projected at clustercentric distances up to 5 arcmin is about 27% higher than at distances 5 − 10 arcmin, demonstrating that part of the sources correspond to member galaxies of the clusters. 3. Analysis and results
Total emission
Through the line of sight of a given cluster, the HerMES maps contain the contribution from diffuse and point source emissions in the Milky Way, sources (galaxies) members of the clusters, field foreground and background galaxies, any other hypothetical component on superclusters scales, and the possible emission from ICM. To separate the emission of the clusters from the rest of contributors, we follow a statistical approach in which the flux in the angular region projected through each cluster is computed in clustercentric coordinates, and therefore by stacking the emission from many clusters, gradients or spatial irregularities from the rest of contributors (that obviously are uncorrelated with the position of the clusters) are largely filtered out. So, these contaminants can be considered as a spatially uniform background, and subtracted by measuring them in a region far enough from the central position of the cluster. The procedure also smooths any possible spatial asymmetries or irregularities in the emission profile of the clusters, and then in the stacked maps we can ignore any angular dependence and consider only the radial profiles. 
Separation of the contribution from galaxies and from ICM
Obvious upper limits for any of the two components (galaxies and ICM) are given by the total emission of the clusters in each channel. However, the sensitivity and spatial resolution of HerMES allows partially separate and put tighter constraints on the relative contribution of both components. To do that, we checked if some of the member galaxies of the clusters can be detected in the HerMES maps. Instead of building our own catalog of sources from the maps, we have used those released by the HerMES group; in particular, those obtained using the StarFinder program. Following Wang et al. (2014) that program is particularly useful deblending and identifying faint sources in crowded fields as by construction galaxy clusters are. In general, we do not have information about the redshift of those sources and then it is not possible to assess if a source projected along the line of sight of a given cluster is a member or not of such cluster. Therefore, as it has been done for the maps, we used a statistical approach stacking and averaging the contribution of such sources in clustercentric coordinates. After subtracting a constant background estimated from the emission within radius 5 − 10 arcmin from the cluster centers, we have obtained the radial profiles presented in the right panels of Fig. 2 . These profiles indicate that some of the sources detected are members of the clusters, and by comparing with the profiles of the total emission, that an important fraction of the emission originated in the cluster comes from these bright discrete sources (galaxies).
Two estimations of the total flux from a direct integration of the profiles are presented in Table 2 (lines labelled Galaxies). The FWHMs of gaussian fits to the inner parts (> 1 arcmin) of the radial profiles are 38, 51 and 49 arcsecs at 250, 350 and 500 µm respectively.
These fluxes contain only the contribution from bright galaxies in the clusters (those bright enough to have been detected and cataloged), so they can be considered as lower limits to the total contribution from galaxies within the clusters. The radial profiles of the fluxes due to the cataloged sources are narrower than the corresponding profiles obtained from the maps. This could be indicative for the presence of some ICM contribution in the outskirts of the cluster or merely a consequence of segregation of galaxies, i. e. prevalence of low luminosity, and then uncataloged sources, in the external regions of the clusters.
The contribution from the ICM can be constrained subtracting from the total emission of the cluster the part that is originated in galaxies. To do that we follow two different estimations (named A and B respectively). Both provide upper limits on the possible emission of the ICM because both estimations include the contribution of sources with fluxes below the sensitivity of the catalog. To subtract the contribution of such sources it would be needed to assumme specific parameters for the luminosity function of galaxies and how they evolve with redshift. This will be considered in a future paper (Gutiérrez et al. in preparation) .
Estimation A: An upper limit on the contribution by the ICM is obtained by subtracting from the total emission of the cluster (line T otal in Table 2 ) the contribution of galaxies (line Galaxies in Table 2 ). The results are also quoted in that table (line Fig. 3 for the 250 µm channel, we obtain a FWHM of 16.6 arcsecs as a rough estimation of the mean extension of the sources. In the unrealistic case of all the galaxies being at the mean redshift of the sample of clusters (∼ 0.37), that angular extension would correspond to a gaussian profile with σ = 35 Kpc. This is a very crude and biased estimation, because for a given luminosity and radial profile, galaxies at lower redshift will contribute more to the flux, and in practice galaxies spread over a broad distribution of luminosities and profiles which evolve with redshift. Based on the profiles shown in Fig. 3 , we defined as regions free of the contribution of bright sources, and therefore suitable to properly constrain the emission of ICM, those lying at distances > 30.8, > 40.1 and > 53.2 arcsecs for the channels at 250, 350 and 500 µm respectively, from any of the galaxies detected in the HerMES catalogs 4 . Fig. 4 shows the radial profiles obtained using the A (red) and B (blue) estimators for the channels at 250, 350 and 500 µm. Both radial profiles agree quite well apart from the inner part where the noise is higher (the number of pixels used in the estimatios is small), and the angular extension of the sources could have some impact on such estimations.
These integrated fluxes within radius 1 − 5 arcmin are presented in Table 2 under the lines ICM − A and ICM − B respectively. In general, estimations following ICM − B tend to be somewhat tighter. These fluxes represent estimations of the maximum signal due to ICM, so through the rest of the paper we will follow a conservative approach considering the constraints on the ICM obtained with estimator A. From the results obtained within 5 arcmin using that estimator, the 95% upper limits on the ICM surface emission are 1.3 × 10 −2 , 0.7 × 10 −2 , and 0.5 × 10 −2 MJy str −1 from the channels at 250, 350 and 500 µm respectively.
Dust masses in the ICM
The restriction on the dust mass in the ICM from the above estimation of fluxes requires assumptions of the unknown emissivity (and then chemical composition) of dust particles and on the temperature of the media. These estimations of mass differ by roughly an order of magnitude for dust temperatures within typical ranges (15-25 K) found in studies of extragalactic galaxies (Galametz et al. 2012; Tabatabaei et al. 2014 ). Adopting a model similar to dust in interstellar regions of the Milky Way (T=20 K and opacities
given by the Draine & Lee (1984) silicate-graphite model) we have obtained the results of Table 3 . Masses of dust are shown in terms of solar masses and in terms of the total mass of the clusters as estimated by Wen et al. As these estimations come from the fluxes obtained using estimator A and therefore contain also the contribution of faint galaxies, they must be considered as upper limits of dust mass in the ICM. Using the more restrictive limits found using the channel at 350 µm, the mean ICM mass per cluster within 3 arcmin is < 10 9 M or 9.5 × 10 −6 M cluster (95% C. L.). The corresponding limits on the projected surface densities are 1.3 × 10
The constraints presented here, imply that the gas to mass ratio in ICM is several orders of magnitude smaller than in the Milky Way (Draine 2003) . For instance, taking the limits obtained in the inner 5 arcmin, this defficiency corresponds to ∼ 1.2 × 10 −3 which could be at least partly the result of the relative short living time of dust in the ICM.
Extinction of background objects
We have estimated upper limits on the visual extinction produced by ICM following a similar approach than in Paper I, i. e. scaling the extinction (A V,M W = 8.6 × 10 −5 mag) and luminosity (L BOL,M W = 2.6 × 10 43 erg s −1 ) of the Milky Way (Davies et al. 1997 ).
Considering a model of dust with temperature 20 K and emissivity 2, we have,
and for the clusters, -14 - Table 4 . These values correspond
to maximum values assuming the unrealistic case of negligible contribution from faint sources. In any case, they are probably the best limits found for the extinction through clusters.
Estimating dependences with redshift and mass
The range in redshift and mass spanned by the sample of clusters used allows to study the possible evolution of fluxes, masses and extinctions as functions of both parameters, redshift and mass. That was done by separating the clusters according to three ranges in redshift < 0.24, 0.24 − 0.42 and > 0.42, and two in mass (< 10 14 and > 10 14 M ) respectively. We repeat for each of the bins the procedure of stacking, separation of components, and estimation of physical magnitudes carried out for the whole sample. The radial profiles of the mean fluxes for each of the division in redshift and mass are presented in Fig. 5 . Although the comparatively low number of clusters considered in each bin respect to the whole sample obviously increases the noise on the estimation of fluxes, these are clearly detected in each subgroup of redshift and mass. The gaussian fits to these profiles, shown as solid lines in the figure, are able to reproduce reasonably well the inner 1 arcmin in all cases apart from the bin that corresponds to < 10 14 M and redshift < 0.24. The radial profiles show that clusters tend to be more extended with redshift. This effect is not present in the estimations of sizes from the distribution of galaxies in the optical as was done by Wen et al., and could be indicative of star formation in the outskirts of high redshift clusters by galaxies in the process of being accreted. Table 5 presents the upper limits obtained on the visual extinction of background objects for the three bins in redshift and two in mass of clusters considered. The columns are the number of clusters in each bin, the mean redshift and mass, and the 95% upper limit on the visual extinction within a radius of 5 arcmin obtained from the 250, 350 and 500 µm channels respectively. The three channels independently allow to put constraints at levels below ∼ 1 milimag for any of the subdivisions in redshift and mass considered.
Extinction of background objects

Evolution of the infrared luminosity
Studying the possible evolution of luminosity with redshift and/or mass could give information about the general processes ruling the accretion of galaxies by clusters, and the internal mechanisms that could affect the evolution of galaxies and the star formation processes. Through this section, we consider the whole luminosity of the cluster ignoring the possible contribution of the ICM. The analysis below implicitly assummes that physical conditions and evolution of dust in ICM and galaxies are similar. For this analysis, we considered the emission within a 5 arcmin radius. Instead of integrating the profiles of each bin in the three channels, we have chosen the channel 250 µm as reference, and estimated the fluxes in the other two channels by scaling the integrated fluxes at 250 µm according to the relative signals in the central bins. We estimated the corresponding luminosities per unit of rest framed frequency, L νrest , considering the luminosity distance d l at the mean redshift of each bin, and correcting to a rest framed system, i e. L νrest = 4πd 2 l F ν /(1 + z), where ν is the observed frequency of each of the three channels, and ν rest = ν(1 + z). The frequencies observed for a given channel correspond to different rest framed frequencies according to the redshifts of the clusters, therefore, in order to do a proper comparison of luminosities, it is necessary to estimate the luminosities at a particular rest framed frequency or to estimate the total far infrared luminosity (L F IR ) by assuming a model for the emission of the dust.
A model in which the emission of dust corresponds to a modified black body with a temperature T and an emissivity Table 6 . These results show a clear dependence of luminosity with redshift whilst the possible dependence on mass, if any, is less conspicuous.
The evolution of luminosity with redshift and mass was modeled according to More realistic models of dust emission (Draine & Li 2007) show that the modified back body models underestimate the dust emission at very long wavelengths (> 1000 µm) and do not describe the spectral range shortwards than ∼ 50 µm, in which emission associated to polycyclic aromatic hydrocarbon (PAH) material is the dominant process. This is important in order to estimate L F IR , which is used as an estimator of the SF R (Kennicutt 1998) (see below). The relative emission at short wavelengths depends on the amount of PAHs and on the properties of the radiation field. As representative of these models, we fit the luminosities in each of the 3 x 2 samples in redshift and mass respectively to a Milky Way like model with a fraction of PAHs of 4.6%, and exposed to a single radiation intensity as computed by Draine & Li (2007) (see that paper for full details). Fitting the luminosities from the integrated fluxes within 2 arcmin in the three channels, we obtained the fits presented in Fig. 6 (solid lines). The figure shows that these models reasonably fit the data and predict emission similar to the modified black body model in the range ∼ 50 − 500 µm.
We are aware of the uncertainties in the estimation of L F IR due to the contribution of dust at wavelengths shorter than ∼ 50 µm that are not sampled by the HERSCHEL data, however this uncertainty is mostly systematic and likely affects in a similar way to the six subsamples. Repeating the above analysis with the luminosities estimated from the To study separately the evolution with redshift for the low and high mass samples, we fit functions L ∼ z αz (i. e. α M = 0) for the low and high mass subsamples and obtained α z = 1.93 and 1.35 respectively.
To check how the parameters α M and α z depend on the model used to parametrize the cluster luminosities, we also simply fit a straight line to the luminosities derived for each of the three channels and subsamples of redshift and mass, and take the interpolate value at a given frequency. Using the luminosities at ν rest = 1250 GHz, we obtain α M = −0.1 and
The dependence of luminosity with redshift and mass translates directly into SFR;
using Kennicutt (1998) This estimation ignores the contribution to luminosity from AGNs; however we implicitly assume a coevolution of black holes and SF R in, at least, the last 10 Gyr,see e. g. Shankar shown in the past (e. g. (Balogh et al. 1998 ) that the declining of SF R in clusters with time is not merely a consequence of accretion of galaxies with less SF R at a given cosmic time, but instead it is also a consequence of internal processes in the clusters.
Comparison with previous studies
A similar approach to our method B was used by Kitayama et al. (2009) being our upper limits an order of magnitude tighter. We also improve by roughly and order of magnitude the constraints obtained by Muller et al. (2008) . Our results are also compatible and improve the limits (E(B − V ) < 8 × 10−3 mags on 1 Mpc scales) found by in the Chandra Deep Field South. Other authors, (Dye et al. 2010 ) have found in field galaxies a stronger dependence in luminosity with redshift ∼ (1 + z) 7 that agrees better with our results.
We qualitatively agree also with the findings by Guo et al. (2014) and Popesso et al. (2012) (Lef t:) HerMES map at 250 µm; the big circle has radius of 7,800 arcsecs (see Table 1 -33 - Channel Radius T otal Galaxies ICM − A ICM − B (arcmin) (mJy) 250 1 27.3 ± 0.9 16.8 ± 1.0 10.5 ± 1.3 9.0 ± 0.9
